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Each country's environmental measures department has announced that it will strengthen CO2 emission regulations for automotive internal 
combustion engines. Diesel engines are widely used from riding to commercial as compared with gasoline engines with high efficiency and high 
torque, but further improvement in net thermal efficiency is needed to comply with CO2 regulations in the second half of 2020. In order to improve 
the net thermal efficiency, a technology for reducing the cooling loss which increases as a contrary to the high compression ratio aiming at improving 
the theoretical thermal efficiency is required. The cooling loss is basically based on the current state of heat transfer generated by contact of the high 
temperature gas with the wall surface. However, in the direct injection diesel engine, the flow caused by the injected fuel and the air current in the 
cylinder mutually affect each other There are many unexplained points. 
Particularly, the flow (swirl) in the swirling direction of the engine improves combustion and is effective in reducing fuel consumption and toxic 
components in the exhaust gas, which is a technique that is generally used in commercially available engines, but it is a trade-off when reinforcing 
swirl flow And it is a problem that the cooling loss increases. In the previous research, it is reported that the influence of the swirl flow intensity 
after the combustion end on the cooling loss is large in the REM which simulates the temperature field of the diesel engine simply, but there are 
few cases confirmed in the actual engine of the engine. 
In this research, in order to clarify the relationship between the swirl flow and the cooling loss after the end of the fuel injection period in the 
actual engine of the engine, we constructed a device to change the swirl by the combustion injection. The swirl after completion of the injection 
was changed using this system, and the correlation between the swirl intensity after the end of the injection and the cooling loss was clarified.. 
 























のスワール強度と冷却損失との相関関係を明らかにした。   
 

















                               
ル(JASO， DH-2)を使用した． 




















市販 CFD ソフト(Convergent Science 社製 CONVERGETM)を
用いた．計算には，乱流計算にRANS(Reynolds-Averaged Navier-
Stokes equations) k-ε high Reynolds モデル，燃料液滴の分裂挙動
は KH-RT(Kelvin-Helmholtz and Rayleigh-Taylor)モデル，燃焼計













Table 1 Engine specifications 
Item Specification 
Engine type 
DI single cylinder  
4stroke diesel engine 
Bore×Stroke φ135mm×140mm 
Displacement 2003.9cm3 
Piston type Steel Piston 
Valve actuation Camless Hydraulic VVA 
Geometrical compression ratio 18.0:1 
Swirl ratio 0.9 
 



























Table 2 Specifications of multiple-injector 
Item Specification 
Fuel injection system 
Common rail system 
Solenoid type injector 
 (Max 200MPa) 
Nozzle 
Center: φ0.177×8hole  
Side  : φ0.177×3hole×2 
 
 
Fig.2 Piston cavity design, injector layout, 







                               
3．実 験 結 果 















































∙ 𝑉𝑖𝑛𝑗 ∙ 𝑆𝑖𝑛𝜃𝑖𝑛𝑗,𝑖⋯(5) 
上記式(5)における i 番目の噴孔の噴射量は以下の式(6)を用
いて算出した． 
































Fig.3 Conceptual diagram of the difference between the swirl 















Fig.5 Relationship between the swirl ratio before the end of 

















































3.2. 噴射終了時のスワール比 Sw*と冷却損失の関係 
単気筒ディーゼルエンジンを用い燃料噴射終了後のスワー
ル比と冷却損失、熱効率の向上効果を調査した．評価条件は表
3 に示す条件である。図 5 にエンジン試験時の筒内圧力と熱発
生率を示す．図 6 に投入燃料の低位発熱量に対するヒートバ
ランスを示す．Opposite ノズルは従来の Forward ノズルと比較
し燃焼後半(クランク角 10 deg. ATDC 付近)での熱発生率が
CFD の計算結果と同様に僅かにだが増加することを確認した．






Fig.6  Influence of side-injection on energy balance  































Table 3 Test conditions 
Item Condition 
Engine speed 1000 rpm 
Injection quantity 120mm3/cycle (40% load) 
Injection pressure 200MPa 
EGR ratio 0% 
Air excess ratio 2.5 
Intake air temperature 325.15K 
 
 
Fig.5 Influence of the side-injection on cylinder pressure,  
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Swirl ration at valve close Sw [-]
 
Fig.8 Relationship between swirl ratio and cooling loss after 
completion of injection 
 



















Swirl ration of after injection period Sw* [-]
スワール対向方向
                               
































した結果を図 12 に示す．局所熱伝達率 h の算出には，下記(11)
式を用いた． 
 
Fig.9 The rate of heat release and volume fraction 
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Fig.11 Compare the Forward nozzle with Opposite nozzle of 
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（1）式内の記号 q は Angelberger モデルを用いて計算した
































損失が 3.0Point と低減する 

